Background. Collection of nationwide food consumption data at the individual level is the preferred option for planning fortification programs. However, such data are seldom collected in low-income countries. In contrast, Food Balance Sheets (FBS), published annually for approximately 180 countries, may provide a source of national data for program planning.
Introduction
Micronutrient deficiencies are a widespread public health concern in low-income countries. They are associated with poor growth, immune function, and neurobehavioral development during childhood, adverse pregnancy outcomes, and impairments in work capacity, cognitive ability, and achievement in adulthood [1] . Hence, major health and economic benefits can be achieved by designing programs to alleviate micronutrient deficiencies in low-income countries. Of these programs, food fortification holds promise as a cost-effective method for improving micronutrient status at the national level, provided the levels and combinations of micronutrient fortificants used are appropriate and bioavailable [1] .
The first step in the design of any fortification program is to identify those micronutrients likely to be inadequate in the diets of the population. This is best achieved by collecting nationwide food consumption data at the individual level using a design that is appropriate to assess the prevalence of inadequate and excessive micronutrient intakes [2] . Unfortunately, few low-income countries collect such nationwide data. Hence, the feasibility of using alternative sources of data that are routinely collected by most low-income countries needs to be explored.
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Using FAO Food Balance Sheets for fortification planning Food Balance Sheets (FBS), published by the Food and Agriculture Organization (FAO) annually for approximately 180 countries (and territories), provide information on the amounts of 95 different food commodities available for human consumption per year in a country at the retail level [3] . FBS have been used to examine relationships between the supply of total fat and saturated fatty acids and cancer mortality data across countries [4] , and the adequacy of the food supply to meet national requirements for vitamin A [5] and zinc [6] . Here we describe an approach based on nutrient density profiles derived from FBS data to identify likely micronutrient deficits in the available national food supply per capita for countries in the Western Pacific Region.
Methods
The following steps were used to analyze the FBS data for 17 countries in the Western Pacific Region: 1. Calculation of the average daily per capita supply of energy and eight micronutrients for each food commodity; 2. Calculation of the average per capita amounts of energy and eight micronutrients in the available food supply for each country, expressed per day and per 1,000 kcal (i.e., micronutrient densities); 3. Comparison of micronutrient density profiles with reference micronutrient density goals; 4. Identification of micronutrients most likely to be inadequate in the available food supply per capita in countries in the Western Pacific Region.
Calculation of the average daily per capita supply of energy and eight micronutrients for each food commodity
In this first step, data on the per capita supply in grams per day of 95 food commodities in 17 countries in the Western Pacific Region were downloaded from the 1996 standardized FAO FBS [7] . Next, we used the International Minilist nutrient database [8] to calculate the micronutrient content per capita of each commodity based on the energy content of each commodity calculated by FAO [7] , as described by Wuehler et al. [6] . We used this approach instead of using only the gram amounts, because the calculated FAO energy content of each commodity takes into account the extraction rate of cereal flours within a specific region, inedible parts of the commodity, and kitchen waste. The International Minilist nutrient database was used for the eight micronutrients analyzed (vitamin B 1 , vitamin B 2 , niacin, vitamin B 12 , vitamin A, iron, zinc, and calcium) because of the absence of an extensive FAO nutrient composition database.
Calculation of the average daily per capita amounts of energy and eight micronutrients in the available food supply for each country, expressed per day and per 1,000 kcal (i.e., micronutrient densities)
From the energy and micronutrient contents of the major food commodities per capita, we calculated the amount of energy and eight micronutrients for the daily available food supply per capita for each country, expressed per day and per 1,000 kcal (i.e., micronutrient densities).
Comparison of micronutrient density profiles with reference micronutrient density goals
To accomplish this step, the micronutrient density profiles of each country were compared with the corresponding eight reference micronutrient density goals developed by Beaton [9] . The goals were designed in such a way that a diet with average micronutrient densities equal to the corresponding reference micronutrient density goals should be adequate to meet the basal or normative (i.e., functional needs with some modest body reserves) estimated needs for at least 95% of individuals over 2 years of age in a population, irrespective of life-stage group, provided they are consuming a habitual diet in amounts that satisfy their energy needs. The derivation of the reference micronutrient density goals is based on the probability approach and relies on several assumptions; details are given in Beaton [9] . Estimates of the Estimated Average Requirement (EAR) for each micronutrient and of energy for particular age, sex, and physiological groups, as well as an estimate of the coefficient of variation for the distribution of micronutrient densities (assumed to be 10% for most nutrients), are required. The first step in the derivation of the reference micronutrient density goals was to calculate necessary average micronutrient densities for males and females of particular life-stage subgroups to meet the needs of 95% of the subgroup. Beaton selected eight life-stage subgroups for this purpose: toddlers (2.5 years), schoolers (7 years), older children (12 years), young adolescents (15 years), older adolescents (18 years), adults (25 years), and pregnant and lactating women. The micronutrient requirements set by the Food and Agriculture Organization/World Health Organization(FAO/WHO) and available at the time of the 1995 publication were used [10] [11] [12] [13] , adjusted for low bioavailability of iron (5%) and zinc (15%).
Different approaches were used to estimate the necessary average micronutrient densities, depending on the method used to derive the micronutrient requirements; details are given in Beaton [9] . For iron, logarithmic transformations were used because the iron requirements in menstruating women are known to be skewed. The final step in the derivation of the reference micronutrient density goals involves selecting the highest necessary group mean micronutrient density calculated for each discrete subgroup. This is the density used to represent the reference micronutrient density goal for that micronutrient for the whole population, irrespective of sex and life-stage group. When compiling the reference iron density goal, Beaton did not consider the necessary average density of absorbed iron (3.67 mg/1,000 kcal) for pregnant women, because their needs far exceed those of all the other subgroups and must be met by supplementation.
Identification of micronutrients most likely to be inadequate in the available food supply per capita in countries in the Western Pacific Region
With the purpose of identifying a profile of likely micronutrient inadequacies per capita in the available food supply for each country in the Western Pacific Region, the calculated per capita micronutrient density values of the food supply were compared with the corresponding reference micronutrient density goals. Lower micronutrient density values were interpreted as an inadequate supply of the corresponding micronutrient in the available food supply for that country. Table 1 presents data for the estimated daily per capita amount of eight micronutrients in the food supply of 17 countries in the Western Pacific Region. Note that of the 17 countries, Cambodia has the lowest average daily per capita amount of energy and micronutrients available in the food supply and New Zealand has the highest. This same trend is apparent for the micronutrients expressed per 1,000 kcal, as shown in table 2. Table 3 presents an example of the necessary average densities for the eight micronutrients to meet the basal requirement estimates of 95% of males and females for each age and life-stage group. Examples of reference nutrient density goals for these eight micronutrients to meet basal and normative estimated needs for at least 95% of individuals are presented in tables 4 and 5, respectively. Basal values represent the amount that is sufficient to meet all functional needs but that may not be adequate to generate and maintain tissue reserves, whereas normative values represent the amount needed not only to prevent functional impairment, but also to generate reserve capacity. Table 6 summarizes the likely inadequate supply of micronutrients through the diets, as deduced by comparison of the estimated micronutrient density per capita of the food supply in 17 countries in the Western Pacific Region with the reference micronutrient density goals developed to ensure that at least 95% of individuals meet the normative estimated needs for eight micronutrients. The normative values were used, as they aim to protect against adverse conditions in the future, such as an increase in requirements or a shortfall in intakes. Cambodia and Korea D.P.R had a potential shortfall for six micronutrients in their daily available food supply, followed by China, Fiji Islands, Kiribati, Korea Republic, Lao P.D.R, Philippines, Solomon Islands, Vanuatu, and Viet Nam with five. Brunei Darussalam, Malaysia, M 6.5 6.5 6.5 6.5 6.5 6.5 --F 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 Vitamin B 12 Direct supplementation needed in pregnancy. These dietary levels protect menstruating women against anemia and cover basal needs of others Zinc (mg) b 10 Lower than estimated targets for pregnancy and lactation but above target for all others NE, Niacin Equivalents; RE, Retinol Equivalents a. Target coverage means that at least 95% of individuals meet normative needs. Normative needs represent the amount that is needed not only to prevent functional impairment but also to generate reserve capacity. b. Data for low-bioavailability diets 
Results
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Discussion
Our results illustrate how FBS data can yield useful information on likely micronutrient inadequacies in the available food supply in a country at the national level. We preferred to use micronutrient densities per capita from the FBS data instead of micronutrient contents of the daily available food supply per capita. Micronutrient density was expressed as the unit weight of the micronutrient per 1,000 kcal of energy [14] , and provides an estimate of dietary quality. Micronutrient density is much less influenced by age and sex in a population than daily intakes [15] and can be compared with a population mean nutrient density that does not require weighting based on national population distributions. This is an important advantage, because the latter are not always available for all countries. In addition, errors that might arise from differences in the quality of the FBS data across countries are less marked when the data are expressed as nutrient densities per capita [16] . We compared the micronutrient densities of the daily food supply per capita for eight micronutrients with reference micronutrient density goals developed so that an acceptably low proportion of males and females (5%) in each of the eight life-stage subgroups would have inadequate intakes. This approach facilitates assessment of the likely micronutrient inadequacies in a population with subgroups with differing energy and nutrient requirements. It is based on the probability approach, which has several assumptions [2] , some of which may not hold for all the micronutrients. Of special note is the assumption that the correlation between intakes of energy and micronutrients is low. The potential effects of violating this assumption (and others) on the validity of the reference nutrient density goal approach are discussed by Backstrand [17] and IOM [14] . Alternative approaches, such as the Monte Carlo simulation, can be applied for nutrients violating these assumptions. Details of these approaches are available in IOM [14] and could be used in future applications of the nutrient density approach used here.
In conclusion, we have shown that FBS data can be used to identify important information on the likely deficits in micronutrient supply per capita in a country, when based on a comparison between micronutrient densities and reference micronutrient density goals. Nevertheless, these data are at the national level and do not reflect food actually consumed. Further, FBS data provide no information on the distribution of food or nutrients available for consumption at the regional, household, or individual level within a country, whether the food available is purchased, home produced, or "gifted, " or about the characteristics of the households or individuals. As a result, no insight can be gained on whether a potential food vehicle fortified with targeted micronutrients will benefit those households or individuals most likely to be at risk for micronutrient deficiencies. Hence, the potential of using this same nutrient density approach with Household Consumption and Expenditures (HCES) data to yield information on likely micronutrient deficits at the household level for fortification purposes warrants investigation.
